Honey-rich composition in biologically active compounds makes honey a food products highly appreciated due to the nutritional and healthy properties. Food-manufacturing is very prone to different types of adulterations and fraudulent labelling making it urgent to establish accurate, fast and cost-effective analytical techniques for honey assessment. In addition to the classical techniques (e.g., physicochemical analysis, microscopy, chromatography, immunoassay, DNA metabarcoding, spectroscopy), electrochemical based-sensor devices have arisen as reliable and green techniques for food analysis including honey evaluation, allowing in-situ and on-line assessment, being a user-friendly procedure not requiring high technical expertise. In this work, the use of electronic tongues, also known as taste sensor devices, for honey authenticity and assessment is reviewed. Also, the versatility of electronic tongues to qualitative (e.g., botanical and/or geographical origin assessment as well as detection of adulteration) and quantitative (e.g., assessment of adulterants levels, determination of flavonoids levels or antibiotics and insecticides residues, flavonoids) honey analysis is shown. The review is mainly focused on the research outputs reported during the last decade aiming to demonstrate the potentialities of potentiometric and voltammetric multi-sensor devices, pointing out their main advantages and present and future challenges for becoming a practical quality analytical tool at industrial and commercial levels.
Introduction
Honey is a natural sweet substance consisting of floral extracts and bee secretions, derived from pollen and nectar and produced by several species of bees [1] . Both polyfloral and monofloral honeys can be found, although the latter is usually preferred by consumers due to their rarity, unique flavors and medicinal properties, being in some cases very expensive [2] . Indeed, several biological properties and therapeutic effects of honey consumption are known [3, 4] . Thus, considering the physicochemical and medicinal known properties, their potential use by the pharmaceutical and cosmetic industries has significantly increased. Honey has been used to prevent, and treat patients with, oral mucositis resulting from radio/chemotherapy [5, 6] , to reduce esophagitis induced by chemoradiation therapy during the treatment of lung cancer [7] , to treat skin ulcer [8, 9] and to treat acute irritating cough [10] . Also, due to the recognized antibacterial activity of honey [11] [12] [13] [14] its potential application in wound healing and tissue engineering has been studied [15, 16] , as for example for the treatment of burns and skin disorders [12, 17] . Indeed, over the centuries, honey has been an essential ingredient in traditional medicines around the world [1] . On the other hand, the possibility of using honey as a natural sucrose-alternative sweetener in the food industry has been evaluated [18] . Thus, to fulfill the worldwide honey demand and considering the decline of the bee-keeping industry in many parts of the world [1] , honey commercialization is prone to several fraudulent practices including adulteration or commercializing of mislabeled low quality honey as higher price honeys.
Several analytical techniques, some of them coupled with traditional melissopalynology analysis, together with chemometric tools have been developed and implemented for honey analysis, namely for:
(i) Verifying honey authenticity, through the identification of botanical, entomological and/or geographical origin [2, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] . (ii) Evaluating honey physicochemical parameters as well as antioxidant and antimicrobial activities and therapeutic properties [4, 11, [13] [14] [15] 22, 23, 25, 28, [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] . (iii) Detecting insecticides, pesticides, veterinary drug or multi-class antibiotic residues in honey [54] [55] [56] [57] . (iv) Detecting honey adulterations [24, 30, [58] [59] [60] [61] [62] [63] [64] .
Researchers usually aim to develop highly sensitive and accurate techniques such as chromatographic methods (e.g., thin-layer chromatography; gas chromatography; high-performance liquid chromatography coupled to electrochemical detection, anion-exchange or tandem mass spectrometry; immunochromatography) and spectroscopy/spectrometry techniques (e.g., front phase fluorometric spectroscopy, near-or mid-infrared spectroscopy, nuclear magnetic resonance spectroscopy, Raman spectroscopy, quadrupole time-of-flight mass spectrometry, inductively coupled plasma atomic emission spectroscopy also referred as inductively coupled plasma optical emission spectrometry), as recently reviewed [30, 64, 65] . Other less common techniques have also been used for honey analysis, namely, DNA metabarcoding [2, 65] or hyperspectral imaging analysis [60] . However, the majority of the analytical techniques reported for honey analysis (e.g., physicochemical characterization, biological and therapeutic activities evaluation) or, the detection of adulterations (e.g., dilution of high-value honey with water, the addition of high-sugar corn syrups or sugar-based adulterants, as well as the filtration of low-value honey to remove its source pollen and spiked with pollen from the 'desired' high-value honey), are usually time-consuming, destructive and expensive techniques, hardly applied in-situ and on-line, being far away from the economic possibilities and technical skills available at the majority of the small and medium bee-keeping industries.
The acknowledgement of this fact has recently attracted attention of the scientific research community, which are developing, building and testing fast, low-cost and user-friendly techniques such as electrochemical sensor devices for honey analysis, which require minimum sample pre-treatment steps and that may be miniaturized allowing their practical in-situ application. Thus, in the last decade electronic noses (E-noses) and electronic tongues (E-tongues) have been proposed for the classification of honeys according to botanical or geographical origins as well as to detect possible honey adulterations or the presence of atypical chemical compounds that have been intentionally incorporated in honey or derive from bee-keeping practices such as the use of non-legal antibiotics to treat different bees' diseases. The fast progress in key fields, which include artificial intelligence, digital electronic sensors design, material sciences, microcircuit design, software innovations, and electronic systems integration, has stimulated the development of electronic sensor technologies applicable to many diverse areas of human activity [66] . E-tongues are electrochemical-based analytical devices comprising single or multi non-specific cross-sensitivity, non-specific and poorly selective sensor arrays coupled to chemometric tools, aiming the establishment of predictive multivariate statistical models that can relate the sensors signals to their analytical meaning [67] [68] [69] [70] . Qualitative and quantitative multivariate models are developed based on the meaningful chemical fingerprint contained in the recorded electrochemical complex data profiles, which are identified after the removal of redundant data through the application of different variable selection statistical techniques (e.g., heuristic or meta-heuristic algorithms). Also, the E-tongue sensors allow the simultaneous determination of several species, with risks related to interferences, drifts and/or non-linearity, minimized or overcome by the use of advanced chemometric tools [71, 72] . In some situations, the sensors with different measuring principles (e.g., potentiometry, voltammetry among others) have been applied, requiring the use of sensor data fusion techniques, taking advantage of their specific analytical characteristics, and thus, improving the dataset quality and permitting to develop more robust prediction or decision models [68] .
The present work intends to summarize the work published during the last decade regarding the use of E-tongue devices for honey assessment. In fact, the versatility of E-tongues and their broad range of applicability for food analysis have been clearly described in the literature. A number of books, book chapters and review papers have been devoted to this important issue [73] [74] [75] [76] [77] [78] . Also, their potential use for biomedical applications has been recently reviewed [79] . Thus, in this review a detailed survey and discussion is carried out focusing the problematic and challenge of applying E-tongues for honey evaluation; a food product highly appreciated by consumers due to the physicochemical, nutritional, biological and therapeutic known properties. First, a brief overview of the most common electrochemical techniques is made, aiming to introduce the less known reader to some theoretical basic knowledge concerning electrochemical principles, allowing a better understanding of the E-tongue potentialities as a practical tool within the food analysis field. Since the application of multi-sensor devices results in large datasets, the most used chemometric tools for extracting the valuable information contained in the electrochemical profiles recorded are briefly referred together with the usefulness of applying variable selection algorithms to avoid the use of redundant variables, minimizing the risk of overfitting and consequent overoptimistic estimation results and poor predictive performances. Also, model validation issues are addressed. Later, works reporting the use of E-tongues for honey analysis are introduced and discussed, identifying possible drawbacks and advantages, aiming to demonstrate the usefulness of these sensor-based approaches. Finally, future trends, perspectives and challenges are briefly discussed.
Electrochemical Sensor Devices for Honey Evaluation: Overview and Usual Chemometric Tools
In the literature, several research works reported the development and application of E-tongues based on different electrochemical techniques (e.g., potentiometry, voltammetry, impedance, etc.) as well as hybrid E-tongues, which are systems that merge different techniques by applying data fusion approaches with different abstraction levels (i.e., the way how data originated from several analytical techniques or different sources, can be merged, and form a consistent concatenated single data matrix). In which concerns honey analysis, both potentiometric and voltammetric E-tongues have been proposed and applied for both qualitative and quantitative analysis and will be the focus of the present review. At this point, it would be helpful to contextualize the E-tongue meaning. As pointed out by Kirsanov and co-workers [80] , the nowadays widely used E-tongue terminology was introduced in the late 90's as an alternative to the more limited "taste sensor" term. In a broader sense, E-tongues are systems composed of one or more arrays of chemical sensors, namely electrochemical, coupled with appropriate multivariate data processing techniques. The basic concepts and principles regarding the two most common electrochemical techniques associated (i.e., potentiometry and voltammetry) to the E-tongues have been recently addressed in detail [79, 81] .
Similar to other analytical techniques that generate a huge amount of data per sample analysis (e.g., spectroscopy-based techniques), the full application of E-tongues-based strategies requires multivariate data analysis for pattern recognition, classification and quantification purposes. A potentiometric E-tongue comprising multi-sensors (i.e., N sensors) may generate for each sample (M samples) one potentiometric signal per sensor and sensor array (K arrays), resulting in a final matrix of (M × KN) data. In Figure 1 a scheme is represented aiming to illustrate, as an example, the complexity of the potentiometric data matrix that can be generated by using and E-tongue device with multi-sensors. For voltammetric E-tongues, a vector with K voltammetric measures per working electrode may be obtained either for cyclic or square-wave voltammetry. Figure 2 aims to exemplify the possible complexity when using a multi-working electrodes (multi-WEs) voltammetric E-tongue and the need of using variable selection algorithms to extract the most valuable information of the data gathered by the electrochemical device.
For both approaches, taking into account the magnitude and the complexity of the data matrices generated, the use of feature extraction strategies is required. Among them, heuristic or metaheuristic variable selection algorithms are usually applied, aiming to reduce the number of variables that will be included in the final regression/predictive qualitative or quantitative statistical models and therefore, noise effects or overcoming issues.
Thus, usually E-tongue systems are combined with linear and non-linear qualitative and quantitative chemometric techniques, which allow verifying the capability and versatility of these electrochemical devices. Among linear pattern recognition approaches, the most common are the Principal Component Analysis (PCA), the K-Nearest Neighbor (KNN) and Linear Discriminant Analysis (LDA). For quantitative assessment, Multiple Linear Regression (MLR), Principal Component Regression (PCR) and Partial Least-Squares (PLS) models are often used. On the other hand, concerning qualitative and/or quantitative non-linear strategies, Artificial Neural Networks (ANNs) are the most applied, which include Probabilistic Neural Networks (PNNs) with Radial Basis Functions (RBF) or Feed-Forward Networks with Backpropagation (BP) learning method, Fuzzy Adaptive Resonance Theory Multidimensional Maps (ARTMAP) Neural Networks or Support Vector Machines (SVMs) are quite applied [68] .
For supervised statistical classification techniques as well as for multivariate regression models, feature extraction is a key stage, allowing selecting the best set of input variables that will enable to achieve correct a posteriori classification of the data in their a priori groups or the quantitative prediction of a parameter of interest. Feature extraction tools allow identifying the meaningful variables from a set of complex data, avoiding redundancies and overcoming collinearity issues, For voltammetric E-tongues, a vector with K voltammetric measures per working electrode may be obtained either for cyclic or square-wave voltammetry. Figure 2 aims to exemplify the possible complexity when using a multi-working electrodes (multi-WEs) voltammetric E-tongue and the need of using variable selection algorithms to extract the most valuable information of the data gathered by the electrochemical device.
For both approaches, taking into account the magnitude and the complexity of the data matrices generated, the use of feature extraction strategies is required. Among them, heuristic or meta-heuristic variable selection algorithms are usually applied, aiming to reduce the number of variables that will be included in the final regression/predictive qualitative or quantitative statistical models and therefore, noise effects or overcoming issues.
For supervised statistical classification techniques as well as for multivariate regression models, feature extraction is a key stage, allowing selecting the best set of input variables that will enable to achieve correct a posteriori classification of the data in their a priori groups or the quantitative prediction of a parameter of interest. Feature extraction tools allow identifying the meaningful variables from a set of complex data, avoiding redundancies and overcoming collinearity issues, enabling the establishment of robust mathematical models with good generalization capabilities. Among these tools, heuristic (e.g., forward, backward and stepwise techniques) and meta-heuristic (e.g., genetic algorithms, simulated annealing, etc.) variable selection algorithms are commonly applied. Moreover, to verify the predictive performance of the multivariate statistical models, in general, cross-validation variants (e.g., leave-one-out, repeated K-folds, among others) are usually used. When the dataset size allows, data split techniques (e.g., random, Kennard-Stones algorithm, etc.) are also implemented allowing establishing independent training and testing data subsets, being the latter used to evaluate the real predictive performance of the multivariate qualitative and/or quantitative models established using the former dataset.
Chemosensors 2018, 6, x 5 of 25 enabling the establishment of robust mathematical models with good generalization capabilities. Among these tools, heuristic (e.g., forward, backward and stepwise techniques) and meta-heuristic (e.g., genetic algorithms, simulated annealing, etc.) variable selection algorithms are commonly applied. Moreover, to verify the predictive performance of the multivariate statistical models, in general, cross-validation variants (e.g., leave-one-out, repeated K-folds, among others) are usually used. When the dataset size allows, data split techniques (e.g., random, Kennard-Stones algorithm, etc.) are also implemented allowing establishing independent training and testing data subsets, being the latter used to evaluate the real predictive performance of the multivariate qualitative and/or quantitative models established using the former dataset. 
Electrochemical Sensor Devices for Honey Assessment
The broad range of applicability of E-tongue devices for food analysis has been recently reviewed by different authors [66, 71, [73] [74] [75] [76] [77] [78] [82] [83] [84] [85] [86] . At this point, a deeper overview is envisaged regarding the potential use of E-tongues for honey assessment, namely potentiometric and/or voltammetric based strategies.
Potentiometric Electronic Tongues
In the last decade several E-tongue potentiometric approaches have been described for honey evaluation, either based on E-tongue commercial devices (Table 1) or on home-made E-tongue multisensor arrays ( Table 2 ). 
Electrochemical Sensor Devices for Honey Assessment
Potentiometric Electronic Tongues
In the last decade several E-tongue potentiometric approaches have been described for honey evaluation, either based on E-tongue commercial devices (Table 1) or on home-made E-tongue multi-sensor arrays ( Table 2) . The success of this emerging electronic sensor technology is mainly related to the ability of merging different key fields like artificial intelligence, digital electronic sensors design, material sciences and electronic systems integration [66] , allowing to develop fast and cost-effective complementary analytical devices which on-line and in-situ applications may be foreseen. Nevertheless, it should be remarked that few E-tongue devices are being commercialized, being in general different home-made solutions developed by each research team. The low number of commercial E-tongues may be partially attributed to the significant time effort and resources spent during calibration and recalibration of a new system as well as to the difficulty in establishing generalized models valid over various systems [102] . Indeed, commercial and home-made devices incorporate different chemical sensors, such as pure metals and metallic compounds, ion-selective sensors, cross-selective liquid sensors or lipid membranes.
The potentiometric E-tongues, coupled with different chemometric tools (e.g., PCA, LDA, ANN, etc.), have been mainly applied for qualitative honey analysis, namely as practical and successful tools for honey classification according to color, botanical or geographical origins, as well as, for honey adulteration identification [87] [88] [89] [90] [92] [93] [94] [95] [96] [97] [98] [99] 101] . Although in a few cases, some works also reported the satisfactory quantitative performance of potentiometric E-tongue devices (using, MLR, PLS and ANN models) for the determination of honey physicochemical levels or honey pollen profile assessment [92, 97, 100, 101] , confirming the broad versatility and potential of potentiometric E-tongues for honey evaluation. Some of these studies, also pointed out the advantages of using variable selection algorithms with multi-sensor potentiometric E-tongues, which allow minimizing noise effects arising from the use redundant sensor signal data [90, 92, [98] [99] [100] .
Voltammetric Electronic Tongues
Similarly to the potentiometric E-tongues several voltammetric devices have been successfully applied for qualitative and quantitative honey analysis, using self-assembled or lab-made (with modified WEs with biofilms or nanoparticles) devices. These works usually reported the use of conventional three-electrode systems (one single WE coupled with one reference electrode (RE) and one counter electrode (CE)) or multi-WE devices (combined with one RE and one CE). In general, the WE include noble metals (e.g., platinum, gold, palladium), non-noble metals (e.g., copper, glassy carbon, nickel) and/or reactive noble metal (e.g., silver). Also, the RE is either a Ag/AgCl electrode (saturated with KCl or NaCl) or a saturated calomel electrode (SCE). The CE, is usually a platinum wire or electrode. From a qualitative (i.e., classification/discrimination) point of view, the majority of the literature works addressed the possibility of classifying honey samples according to the botanical or geographical origins as well as to identify honey adulterations or the adulteration level [81, 91, [103] [104] [105] [106] [107] [108] [109] [110] [111] [112] [113] . A substantial number of works reported the satisfactory quantitative performance of voltammetric E-tongues used to predict chemical and biochemical honey composition as well as the levels of adulterants and/or contaminants [91, 104, 106, [113] [114] [115] [116] [117] [118] [119] [120] [121] [122] [123] [124] [125] . As can be easily inferred from Table 3 (commercial devices) and Tables 4 and 5 (self-assembled lab-made conventional or multi-sensors devices), the use of voltammetric E-tongues for honey analysis is a more recent practice (from 2011) compared to the potentiometric approaches (from 2008) being largely used together with different multivariate statistical techniques (e.g., multiple linear regression models (MLRM), PLS, ANN, among others) as successful quantitative analytical tools. Only one work reported the use of a commercial conventional three-component device [114] . In contrast all the other studies, reported, as previously stated, the development and/or use of lab-made devices comprising a single WE [81, [105] [106] [107] [108] [109] [110] [111] [115] [116] [117] [118] [119] [120] [121] [122] [123] [124] [125] or more WEs [91, 103, 104, 112, 113] , some of them modified incorporated porous films or nanoparticles [99] [100] [101] 115, [117] [118] [119] [120] [121] [122] [123] [124] [125] . Within these applications, different voltammetric techniques have been applied namely cyclic voltammetry (CV, the most common), square-wave voltammetry (SWV) and square-wave cathodic stripping voltammetry (SWCSV), differential pulse voltammetry (DPV) and multifrequency large amplitude pulse voltammetry (MLAPV) as well as linear sweep voltammetry (LSV). Overall, all the above-mentioned works demonstrate the versatility and feasibility of applying voltammetric E-tongues as alternative/complementary analytical tool for honey analysis, allowing in some cases in-situ assays due to the potential portable nature of these electronic device [105] . Pattern recognition techniques with feature extraction: -PCA, DFA and CA: the three methods based on the two databases have similar discrimination performances and the difference between the two databases has no effect to the separation ability [112] - 
Advantages, Limitations and Drawbacks of the Two Most Common Electronic Tongues Variants
As pointed out (Tables 1-5 ), E-tongues have suffered an increasing application in honey screening analysis, which broad number of qualitative and quantitative applications, reported in the literature, are summarized in Figures 3 and 4 , respectively. These electrochemical devices have emerged as an innovative sensing technology, supported by the development of different scientific areas such as artificial intelligence, digital electronic sensors design, material sciences, microcircuit design, software innovations, and electronic systems integration. Also, the increase interest relies on several known advantages of electrochemical devices over other conventional analytical methods. Besides being fast, flexible, cost-effective, sensitive, accurate and user-friendly techniques, the use of E-tongues does not require specialized staff neither complex sample pre-treatments. In fact, some potentiometric multi-sensor arrays may be directly immersed into the honey sample, allowing a direct measurement and, in other cases (depending on the sample's viscosity); it is only necessary to previously dissolve a known mass of honey into a pre-defined volume of distilled water, leading to the change of the membrane potentials in response to the different sample chemical compositions [94, 95, 99, 100] . In some cases, prior to the potentiometric analysis the E-tongue sensors may need to be conditioned and calibrated using, in general, an aqueous acid solution [94] . Regarding the voltammetric devices, the honey analysis requires its previous dissolution using an electrolyte solution (e.g., KCl or phosphate buffer saline solution, PBS) [120, 124] or in some specific cases, extraction/centrifugation steps [119] . As pointed out by several researchers, both methodologies would require some special washing procedures, between the measurements or after a set of assays, in order to remove all sample leftovers from the sensors surface membranes, ensuring stable and repeatable signal profiles [103, 113] , although the voltammetric devices may also require the electrodes surfaces to be polished. Depending on the type of sample, sensor membranes may be negatively or positively charged and so, an acid or basic washing solutions are usually used, respectively, although in some cases only a washing step with ultrapure water is reported. Voltammetric analysis may further require a deoxygenation step by purging the sample solution with an inert gas like nitrogen, turning out into a more complex sample pretreatment compared to the potentiometric analysis [123] . In general, as reported in the literature, both E-tongues show long-term electrochemical response stability and repeatability over time and after storage, being potentiometric devices be more prune to signal drift issues, which may be minimized or overcome by the washing procedures or by the subsequent use of statistical treatments for signal drifts corrections [126] [127] [128] [129] [130] [131] . Moreover, the majority of the assays can be carried out at room temperature. Furthermore, the E-tongue profiles together with chemometric tools allow assessing honey physicochemical and biochemical parameters using the electrochemical fingerprints recorded in a single experimental run, which avoids the need of applying several different analytical techniques. Additionally, E-tongues may be easily miniaturized, handled and cleaned, have low power consumption as well as an intrinsic portable characteristic enabling in-situ and continuous analysis, even in harsh industrial environments. Nevertheless, several authors still have concerns regarding the lack of specific odor and taste sensors or the difficulty validating the multivariate models established due to the lack of establishing large databases [74] . To address these concerns, new sensors with improved selectivity, including nanosensors and biosensors, have been the focus of several research groups. Also, efforts are being carried out aiming to establish international databases that would allow assembling a large number of well characterized samples to carry out an appropriate training and validation [74] . The occurrence of signal drifts and/or noise effects when the electrochemical analysis is carried out during a long period of time is also a problem that has precluded a broad adoption of E-tongues as routine analytical tools [126] . Indeed, E-tongue's calibration lifetime is typically limited due to the changes of sensor materials related to several physical and chemical phenomena like adsorption of sample components, temperature deviations, surface chemical reactions, among others [126] . Also, it is known that even if two electrochemical devices are sensitive towards the same family of chemical compounds, the different devices can hardly operate in the framework of a single unified calibration model, which would enable interpreting simultaneously the responses of both systems [102] . Several strategies have been recently developed aiming to overcome these drawbacks. Recently, it has been experimentally verified the feasibility of calibration transfer between voltammetric and potentiometric multi-sensor arrays, which showed the possibility of transforming potentiometric data into voltammetric format, and vice versa, allowing modeling a system response using multivariate regression models built with data from another type of multi-sensor system [102] . Mathematical sensor drift correction procedures have been successfully used to overcome problems related to sensor readings' drift that can invalidate corresponding multivariate calibrations [126] [127] [128] [129] [130] [131] . These mathematical procedures minimize the need of E-tongue frequent recalibrations and thus allow maximizing the related investment of time and experimental effort, being of utmost importance for unique and expensive samples. In fact, these works pointed out that it is possible to extend the calibration lifetime in multi-sensor analysis of real complex samples by mathematical drift correction, instead of trying to take into account these issues within the framework of each regression model. Furthermore, as pointed out by Panchuk and co-workers [126] , the particular standardization method should be used taking into account the sensor array structure and the analytical task. If a strong correlation in sensor responses towards target parameter is expected, the use of multivariate standardization methods is recommended. If the sensors comprised in the E-tongue show dissimilar signal profiles, univariate single sensor standardization could be the right choice.
The previous discussion clearly points out the difficulty in choosing one E-tongue approach over the other, for honey analysis. Indeed, both potentiometric and voltammetric devices show emerging advantages, posing some limitations and disadvantages. Still, it could be concluded that potentiometric E-tongues may deliver a broader chemical fingerprint of a specific honey sample, since they may detect the presence of any chemical compound that may impose a potential shift of the sensors' membranes due to, for example, electrostatic or hydrophobic interactions [132] , not being limited to the analysis of redox chemical compounds. Also, in general, potentiometric devices require less complex sample pre-treatments compared to the voltammetric ones. On the contrary, potentiometric sensor arrays are mainly used for qualitative evaluations, allowing the richness information of the voltammograms a deeper analysis including both qualitative and quantitative perspectives. Moreover, signal drifts are usually more relevant in potentiometric analysis requiring subsequent complex statistical analysis. Thus, the although the capabilities and advantages of E-tongues for honey analysis is evident and straightforward for the majority of the researchers within the electrochemistry field, it is not an easy task to prioritize the best strategy, which will mostly depend on the researcher familiarity with this subject as well as of the equipment availability.
Finally, the overall analytical (qualitative and quantitative) satisfactory performance of E-tongue systems together with the possibility of overcoming issues such as signal's drifts, may envisage a broader routine application in day-to-day laboratory and industrial practices.
Conclusions
In conclusion, this review examined and demonstrated the theoretical and practical feasibility and versatility of both potentiometric and voltammetric E-tongues for botanical and geographical origin identification and contaminant detection as well as pollen profile assessment and chemical composition determination. The vast number of research works available in the literature clearly pointed out that these devices are very promising tools for honey analysis, profiting of their portability, miniaturization and possible compatible with smartphone technology, in-situ and on-line operation as well as of the user-friendly and green potentialities. Furthermore, these devices may be very effective tools especially in combination with appropriate chemometric techniques, with the use of improved feature extraction techniques for electronic sensor response analysis, which is a key issue.
Nevertheless, more research is required to develop and take full advantage of E-tongue instruments, bringing them to the full potential of capabilities for industrial applications, overcoming typical concerns of the real world; namely, contributing to shortening the distance between the optimism of the researchers and the skepticism of the industry and retailers. At present, the main challenge relies in reaching the market, which is obvious considering the scarcity of commercially available E-tongue devices. Indeed, the key challenge would be to build E-tongues with repeatable electrical or electrochemical properties, negligible ageing and temperature effects, as well as the irreversible binding of substances on the materials used as sensing units in some applications., requiring sensor units' replacement and thus, leading to time-consuming re-calibration steps. These drawbacks have prevented the wide use of E-tongues in the market. So, in the future, strategies must comprise the design of arrays formed by new sensing (nano)materials with improved selectivity and sensitivity. Funding: This work was financially supported by Project POCI-01-0145-FEDER-006984-Associate Laboratory LSRE-LCM, Project UID/BIO/04469/2013-CEB and strategic project PEst-OE/AGR/UI0690/2014-CIMO all funded by FEDER-Fundo Europeu de Desenvolvimento Regional through COMPETE2020-Programa Operacional Competitividade e Internacionalização (POCI)-and by national funds through FCT-Fundação para a Ciência e a Tecnologia, Portugal.
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